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Introduction
Orientation of the trunk is considered an important ele-
ment of postural orientation, because it determines the
spatial positions of the limbs in relation to objects with
which a subject wishes to interact. Mouchnino et al [1]
observed that when dancers and control subjects per-
formed a leg elevation task, the amplitude of their leg
movements appeared to be computed with reference to
the trunk axis (an egocentric reference frame), rather than
with respect to the external environment (an exocentric
reference frame). However, the dancers spontaneously
aligned their trunks parallel to the earth vertical (a geo-
centric reference frame), whereas the control subjects
did not [2].
The trunk stability required for proper orientation
depends on: (1) the passive component, which includes
the vertebrae, intervertebral discs, ligaments, and joint
capsules; (2) the active component, comprising the mus-
cles and tendons; and (3) the neural component, con-
sisting of different force, position, and movement sensors
located in the passive and active components of the
body and head, as well as the neural control centres in
the central nervous system. All three components work
interdependently to stabilize the trunk. If any of these
components do not function properly, trunk stability
will be affected [3]. Malfunction of these components
may progress to pathological conditions. Newcomer et al
[4] have demonstrated that trunk repositioning errors
(absolute difference in angle between target and actively
replicated position) of patients with chronic lower back
pain (n = 20) were significantly higher than those of
healthy control subjects (n = 20) for four different trunk
movements (flexion, extension, and left-side and right-
side bending). The increase in error was not associated
with pain or physical activity levels. In a subsequent
study [5], these authors found that wearing a lumbar
brace decreased the trunk repositioning errors made by
subjects with low back pain in the sagittal plane and in
right lateral trunk bending. The improvement in pro-
prioceptive acuity might have resulted from enhanced
cutaneous input from the brace. However, the use of
external lumbar support is controversial, because some
investigators have found an increased risk of back injuries
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Abstract: To examine whether older Tai Chi sword practitioners had developed better trunk position sense than
healthy control subjects, 16 female Tai Chi sword practitioners from a local community Tai Chi Club in Hong Kong
were compared with 11 female healthy control subjects. Active trunk repositioning was used to test trunk propri-
oceptive acuity. Tai Chi sword practitioners made significantly smaller absolute angle errors than control subjects
in trunk rotation to the left (2.2° ± 0.9° vs. 4.4° ± 2.7°; p = 0.006) and to the right (2.1° ± 0.9° vs. 4.2° ± 2.9° of control;
p = 0.01), but there were negligible improvements in trunk forward flexion (3.9° ± 3.0° and 4.8° ± 3.0°, respectively;
p = 0.46). These results demonstrate that Tai Chi sword practitioners had developed better position sense in trunk
rotation but not in trunk flexion than healthy older subjects.
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in baggage handlers because of unsatisfactory compliance 
when subjects stopped using their supports after a period
of wearing the support [6].
Tai Chi is a Chinese mind–body exercise that empha-
sizes exact joint position and limb positioning. Older Tai
Chi practitioners have better knee joint proprioceptive
acuity, as evidenced by the fact that they make smaller
absolute angle errors in passive knee joint repositioning
than control subjects similar in age, sex, and physical
activity level [7]. Fong and Ng [8] also found that Tai
Chi practitioners achieved less knee joint repositioning
error than controls using an active repositioning test. It
is believed that a similar enhancement of joint position
sense may also apply to the trunk, because Tai Chi theory
recognizes the importance of trunk movement in daily
activities and practitioners are required to use the trunk
to lead the four limbs [9].
Tai Chi sword is an advanced type of Tai Chi in which
the practitioner manipulates a sword as part of the Tai
Chi motions (Figure 1). Controlling the spatial orienta-
tion of the added length of the sword could demand a
more enhanced coordination of trunk and limbs move-
ments than Tai Chi practice without a sword. It may be
logical to postulate that the lever arm effect generated
by the length and weight of the blade might impose a
higher demand on the muscle strength, endurance and
limb-trunk coordination of the practitioners, and may
result in a more significant training effect. Various move-
ments of the sword, including pointing, swinging or
chopping, may necessitate flexibility and range-of-motion
of the distal upper limb, such as wrist circumduction and
radial and ulnar deviation, which may not be emphasized
as much compared with traditional Tai Chi practice.
Repeated practice with a Tai Chi sword might thus be
expected to lead to a heightened sense of trunk position.
The simultaneous trunk rotation and stepping move-
ment with the manipulation of the sword by hands may
also mimic daily activities in which older people have to
maintain balance when carrying a weighted object, e.g.
stepping down, holding an umbrella or turning the body
to watch for traffic when crossing the road. Consequently,
Tai Chi sword may confer a specific and unique training
strategy for these activities. The objective of this study
was to compare the trunk position sense of older Tai Chi
sword practitioners with that of older healthy control
subjects using an active trunk repositioning test.
Methods
Subjects
Sixteen Tai Chi sword practitioners (all females; mean
age, 69.0 ± 5.2 years) were recruited from a local Tai Chi
club in Hong Kong. All had practiced Tai Chi sword
(Yang style) at least 2 hours per week cumulatively for
over 2 years (range, 2–7 years). A typical session usually
involves a few minutes of warm-up (hamstrings and back
stretching) followed by Tai Chi sword practice in different
postures, including knee-bending and single-leg stand-
ing (Figure 1). The weight of a commonly used Tai Chi
sword is approximately 0.7 kg, with a blade length of
around 80 cm. Eleven older community members (all
females; mean age, 72.1 ± 8.2 years) without any Tai Chi
sword experience were recruited as control subjects. Eight
of these controls took morning walks or did stretching
exercises regularly. All participants were independent in
their activities of daily living, and none required walk-
ing aids. Participants were able to communicate and fol-
low the testing procedures. Individuals with disabling
arthritis or who had experienced surgery or recent back
or lower extremities pain in the previous 6 months were
excluded. Other exclusion criteria included poorly con-
trolled hypertension, severe cognitive impairment, or a
diagnosis of metastatic cancer, Parkinson’s disease, stroke
or any other neurological disorder. For safety reasons,
subjects with a high risk of falls or compromised exer-
cise tolerance were excluded. These subjects included
those who had symptomatic cardiovascular disease when
subjected to moderate exertion, symptomatic orthostatic
hypotension, peripheral neuropathy of the lower extrem-
ities (e.g. uncontrolled diabetes), or one or more falls in
the previous 6 months.
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Figure 1. Tai Chi sword forms. (A, B) Trunk rotation movement while holding the sword, followed by left leg external
rotation, forward stepping of right foot, right bow stance with forward pointing of the sword, and left arm elevation.
(C) Single leg standing from a semi-squatting position while lifting the sword up.
A general health questionnaire was used to screen
potential subjects in terms of the exclusion criteria. In
addition, a validated Chinese Mini Mental Status Exam-
ination (MMSE), first developed by Folstein et al in 1975
[10], was employed to examine the cognitive abilities of
participants [11]. The MMSE scores ranged from 0 to
30. Subjects with scores below 24 were considered as
having cognitive deficits and were excluded from the
study. A modified version of the Minnesota Leisure Time
Physical Activity Questionnaire was used to compare
the physical activity levels of the Tai Chi practitioners
with those of the controls [7,12–14]. This instrument
evaluated the energy expended in leisure-time physical
activities and household tasks [15]. The activities were
categorized according to their metabolic equivalent (MET)
status as either light (intensity≤4.0 METs), moderate (4.0
METs < intensity ≤ 5.5 METs), or heavy activities (inten-
sity > 5.5 METs). The study was approved by the ethics
committee of the Hong Kong Polytechnic University,
and written informed consent was obtained from all
participants.
Procedures
Active trunk repositioning test has been frequently em-
ployed to measure trunk proprioceptive acuity [4,5,16,17].
The active mode of testing was adopted, because it could
measure the joint position sense in a functional context
[18,19], despite being unable to differentiate between
sensory and motor contributions [7,20]. In the trunk
repositioning test, trunk movements have often been
measured using a 3-Space Fastrak System (Polhemus,
Colchester, VT, USA) [4,5,16]. This non-invasive system
has been shown to have satisfactory reliability in mea-
suring trunk movements with an intra-class correlation
coefficient of 0.61–0.70 [16]. The system involved an
internally referenced, computerized tracking device. The
source generated an electromagnetic field that deter-
mined the position of the sensors in space relative to 
a global reference. The same operator (blinded to the
groups) prepared and measured all participants.
In the present study, two sensors were taped to each
subject over the C7 and S2 spinous processes with
Hypafix (Smith & Nephew, Victoria, Australia). During
the test, participants stood erect with their feet together
and arms crossed over the chest with their trunk stabi-
lized by a wooden frame. They were attached to the frame
with a strap around their pelvis just below the anterior
inferior iliac spines and another one just above the knees.
Instructions on how to perform forward flexion, rotation
to the right and rotation to the left, and repositioning
movements were given. The maximum range of the trunk
movement in each of the three directions was measured
at baseline with the frame attached. Subjects were then
blindfolded to exclude visual cues. Each subject was first
told to hold and memorize a pre-determined position of
the trunk, termed the target position, for 3 seconds. The
target position was set at approximately 50% of the sub-
ject’s maximum range of trunk motion measured before
the actual testing. The midrange of each trunk movement
direction was chosen as the target position to minimize
the stretching sensation present at the end of the range.
The subject was then told to return to the original erect
position for 3 seconds as timed by the examiner and then
to reposition the trunk to the target position. Familiari-
zation trials were given to ensure that each subject under-
stood the procedure. The actual tests were conducted in
the following sequence: forward flexion, rotation to the
right, then to the left. Three trials were performed for
each trunk movement direction before proceeding to
the next direction. These three directions were chosen,
because they were the chief movements comprising the
Yang style Tai Chi sword practice and were expected to
be the most sensitive parameters that could reflect any
potential training effects. The data were collected by the
computer for offline analysis. The Euler parameters of
the C7 sensor relative to S2 sensor were calculated, and
the absolute angle errors in the respective movement
plane were compared between the two groups.
Statistics
Independent t tests were employed for comparing the
age, height, body weight, and the MMSE between the
Tai Chi sword practitioners and control subjects. χ2 was
used for between-group comparison of the physical activ-
ity levels, which were categorical variables. Multivariate
analysis of variance was used to compare the absolute
angle errors obtained in the active trunk repositioning
test during trunk forward flexion and rotation to the
right and to the left. If a statistically significant differ-
ence was found in the multivariate tests, a univariate
test was conducted for each of the outcome measures.
A significance level (α) of 0.05 was chosen for statistical
comparisons.
Results
The table shows that there was no statistically significant
difference in age, height, body weight, MMSE score,
and physical activity level between the Tai Chi sword
practitioners and control subjects (all p > 0.05). The mul-
tivariate tests indicated an overall statistically significant
difference in active trunk repositioning angle errors be-
tween the two groups (p = 0.03). Subsequent univariate
tests showed that significantly smaller absolute angle
errors were found for Tai Chi sword practitioners versus
control subjects for rotation both to the left (2.2° ± 0.9°
vs. 4.4° ± 2.7°; p = 0.006) and to the right (2.1° ± 0.9° vs.
4.2° ± 2.9°; p = 0.01; Figure 2). There was negligible dif-
ference in trunk forward flexion angle errors between
the practitioners and older subjects, being 3.9° ± 3.0° and
4.8° ± 3.0°, respectively (p = 0.46).
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Discussion
This study is the first attempt to investigate the effect of
Tai Chi sword on trunk position sense in older adults.
Our findings demonstrate that Tai Chi sword practition-
ers had significantly better trunk proprioceptive acuity
in rotation to the left (absolute angle error of 2.2°) and
to the right (2.1°), i.e. by about a 50% decrease in both
directions than that of healthy controls similar in age,
sex, and physical activity level. When compared with the
younger subjects in the study by Taylor and McCloskey
[21] on proprioceptive acuity in trunk rotation in uni-
versity students and staff (age not reported), older Tai Chi
sword practitioners in the current study seemed to achieve
joint position acuity (trunk rotation angle error to left =
2.2°, right = 2.1°) similar to that of their younger coun-
terparts (2.8°). Bearing in mind that their measurement
method was different from ours, the healthy control sub-
jects in our study appeared to show poorer trunk propri-
oceptive acuity (trunk rotation angle error to left = 4.4°,
right = 4.2°; Figure 2) than the probably younger subjects
of their study.
Limb proprioception has been found to decrease with
age after ligamentous injuries, and in some common
pathological conditions among older adults such as stroke
[22] and osteoarthritis [12, 23–25]. In a previous study,
we found that older Tai Chi practitioners had knee joint
proprioceptive acuity (absolute angle error = 1.7°) similar
to that of young university students (1.1°). The average
angle error was 56% less than healthy controls of a sim-
ilar age, sex, and physical activity level (absolute angle
error = 3.9°) [12].
Likewise, older adults may also suffer from a deteri-
oration of their trunk proprioception. Trunk reposition-
ing errors of patients with low back pain were found to
be 33% more common than in the healthy controls (5.1°,
as estimated from the investigators’ bar charts, vs. 3.4°)
[4]. Lord et al [25] also found that older fallers (age,
76.5 years) showed a significantly reduced propriocep-
tion of the lower limb when asked to match the position
of the big toe on each side by extending the knee (mean
error of fallers vs. non-fallers, 2.0° vs. 1.6°; a deterioration
of 20%).
In Tai Chi sword training, although the sword is held
in the hand, turning movements of the limbs are thought
to be led by the trunk [9]. Therefore, pointing with the
sword requires precise trunk position sense, and repeated
practice of Tai Chi sword may have enhanced the trunk
proprioceptive acuity of these practitioners. In the pres-
ent study, Tai Chi sword practitioners achieved 50% less
absolute angle errors than those of the control subjects
in rotation both to the left and to the right. Better trunk
proprioceptive sense may be expected to contribute to
greater trunk stability [3]. Because older adults often suf-
fer from back muscle weakness, low back pain, spinal
instability and osteoporosis [3,26], exercises such as 
Tai Chi may be beneficial [26].
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Table. Comparison of age, height, body weight, Mini Mental Status Examination (MMSE) score, and physical activity
level between healthy older control subjects and Tai Chi sword practitioners*
Control subjects (n = 11) Tai Chi sword practitioners (n = 16) p
Age (yr) 72.1 ± 8.2 69.0 ± 5.2 0.28
Height (cm) 153.5 ± 5.2 155.0 ± 5.2 0.46
Body weight (kg) 52.6 ± 10.0 54.2 ± 5.9 0.61
MMSE score 27.3 ± 2.0 27.4 ± 2.1 0.84
Physical activity level 0.90
Light ≤ 4 METs 8 11
Moderate≤5.5 METs 2 4
Heavy > 5.5 METs 1 1
*Data are presented as mean ± standard deviation or n. MET = metabolic equivalent.
4.8 ± 3.0 3.9 ± 3.0
4.4 ± 2.7 2.2 ± 0.9 4.2 ± 2.9 2.1± 0.9
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Figure 2. Comparison of absolute angle errors in active
trunk repositioning between healthy older control subjects
and Tai Chi sword practitioners. * and † denote significant
difference at p < 0.01 and p < 0.05, respectively, using
univariate tests, after multivariate analysis of variance
showed an overall statistically significant difference at
p = 0.03 for the active trunk repositioning test.
In this study, no statistically significant difference was
found in the absolute angle errors of trunk forward flex-
ion between the Tai Chi sword practitioners (mean, 3.9°)
and the control subjects (mean, 4.8°; p = 0.46; Figure 2).
During Tai Chi sword practice, the trunk is usually kept in
an erect posture, so the demand on trunk proprioceptive
acuity in forward flexion may be less than in rotation.
Another possible explanation is that other body senses,
including visual, vestibular and/or other somatosensory
inputs, all contribute to controlling trunk position. Under
certain circumstances, trunk orientation is hypothesized
to be controlled through a difference between the sig-
nal from neck receptors, which detect orientation of the
head relative to the trunk, and the signal from vestibular
otolithic receptors, which signal the head orientation
relative to the gravity vector [27]. The difference is an
error signal that is proportional to the deviation of the
trunk from the earth vertical [28]. Signal from the neck
receptors and the otoliths might thus be sufficient to help
the older adults to reposition their trunks during forward
flexion. Moreover, changes in pressure over the feet and
any stretch of the skin, muscles, and tendons of the legs
will provide extra sources of somatosensory information
than that arising from the trunk. With the summation of
all these sensory inputs, control subjects might perform
as well as Tai Chi sword practitioners in trunk flexion.
Limitations
Because we used a cross-sectional design in the present
study, a causal relation between Tai Chi sword practice
and better performance in trunk position sense cannot
be established. A prospective randomized control clini-
cal trial with more subjects is suggested to confirm these
findings. Introduction of a third arm of traditional Tai
Chi training may further help to verify the relative effec-
tiveness between traditional Tai Chi and Tai Chi sword
practice on trunk proprioception. Also, the coronal plane
of trunk movement was not investigated in the present
study so that this study might not provide a comprehen-
sive picture of daily function. During the active trunk
measurement, subjects may have been provided with
additional tactile stimulatory cues through cutaneous
receptors by the attached wooden frame or the cables to
the sensors. Whilst the large percentage reduction in
error is encouraging, it is worth considering the effect of
the relatively small absolute angle error (2.1° and 2.2°)
on the percentage change. In this study, anyone with
back surgery or recent back or lower extremities pain
was excluded. As a result, the findings of this study can-
not be generalized to these groups. Bearing these limi-
tations in mind, our results provide initial evidence that
older adults who have practiced Tai Chi sword for at
least 2 years have better trunk proprioception in rota-
tion to the left and to the right, but not in forward flex-
ion, than individuals similar in age, sex, height, cognitive
ability, and physical activity level.
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